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Impact of smoking on gingival 
inflammation in representative samples 
of three South American cities
Abstract : The aim of this study was to investigate the impact of 
smoking on gingival inflammation in a representative sample of 
1,650 adults from Santiago (Chile), Porto Alegre (Brazil), and Tucumán 
(Argentina). A questionnaire was administered to participants 
to gather demographic and behavioral characteristics, including 
smoking habits. The participants were clinically examined to obtain 
gingival index (GI), gingival bleeding index (GBI), visible plaque 
index (VPI), and calculus presence values. Gingival inflammation was 
defined as a mean GI > 0.5. Heavy smokers presented significantly 
lower levels of gingival inflammation, as reflected by both GI and 
GBI, than both light and moderate smokers, despite their having 
increased amounts of plaque and calculus. Being 50 years old or 
older [odds ratio (OR), 1.93], a VPI ≥ 30% (OR, 28.1), and self-reported 
diabetes (OR, 2.79) were positively associated with detection of 
gingival inflammation. In conclusion, the occurrence of clinically 
detectable gingival inflammation was lower in heavy smokers than 
light and moderate smokers. Older age, diabetes, and visible plaque 
emerged as risk indicators of gingivitis. Plaque and gingival indices 
are significantly associated regardless of the smoking status.
Keywords: Epidemiology; Smoking; Gingivitis.
Introduction
There are limited epidemiological data regarding the occurrence 
of gingival inflammation in adults worldwide. The majority of studies 
examining the prevalence and distribution of gingival inflammation have 
been performed in young children and adolescents.1 Gingival inflammation 
epidemiology reviews have demonstrated that much of the information 
for periodontal disease has been obtained with systems not designed to 
assess the prevalence of gingivitis, such as the community periodontal 
index.2 Anecdotal reporting has suggested that gingival inflammation 
may be a ubiquitous condition, affecting essentially all children regardless 
of geographical region.3
Interest in determined the prevalence and associated factors of gingival 
inflammation is based on its being a precursor of periodontitis, which 
can have negative health consequences, including systemic conditions, 
that affect quality of life.4 Knowing gum disease-associated factors will 
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support the design of better primary and secondary 
preventative programs and the establishment of more 
effective therapeutic approaches.
Smoking, which is highly prevalent worldwide, 
has been associated with periodontal diseases as well 
as various other potentially lethal diseases, including 
cancer, stroke, and heart disease.5,6 Thus, smoking has 
a strong impact on healthcare costs and mortality.7,8,9 
With respect to oral health specifically, smoking has 
been associated with the progression of periodontal 
diseases10,11 and severe periodontal attachment 
loss.12,13 However, there is little information regarding 
the impact of smoking on gingival inflammation. 
Muller et al.14 reported that bleeding on probing was 
reduced in a small clinical cohort of young-adult 
smokers, irrespective of the distribution of plaque 
and calculus. In a follow-up longitudinal analysis 
of the same cohort, Muller et al.15 found that plaque 
and gingival inflammation did not correlate as 
directly as expected when smoking was considered. 
Contrarily, the same group reported in a later study 
that smoking was not associated with less bleeding.16 
These published studies were not performed with an 
assessment tool specifically designed for examining 
marginal gingival inflammation and did not enroll 
large representative samples. Thus, the impact of 
smoking on gum disease remains to be clarified, 
especially in relation to the notion that smoking 
may mask signs of gingival inflammation. A lack 
of scientific understanding in this regard could lead 
to misleading diagnostic approaches.
The aim of the present study was to examine 
whether smoking affects detection of gingival 
inflammation in a representative sample recruited 
from three South American cities. We hypothesized 
that smoking would be found to mask clinical signs 
of gingival inflammation.
Methodology
Study design and outcomes
The present study was an analytical, multi-center 
population-based cross-sectional epidemiological 
study conducted between January and July of 2014. The 
main outcome analyzed was gingival inflammation, 
according to a previously described17 gingival 
index (GI). Secondary outcomes assessed included 
presence/absence of gingival bleeding index (GBI), 
visible plaque index (VPI)18, and calculus.
Sample size and participants
To obtain a representative study population, 
participants were selected according to the sampling 
strategy, inclusion criteria, and exclusion criteria 
described by Carvajal and colleagues.19 The study 
population was comprised of adults from the cities of 
Santiago (Chile), Porto Alegre (Brazil), and Tucumán 
(Argentina). Sample size was calculated based on 
an estimated gingival inflammation prevalence of 
93.9% and a previously published average gingival 
index > 0.520. To obtain a 95% confidence interval with 
a 2% error range, it was estimated that we should 
enroll 550 individuals from each city. Thus, a total of 
1650 participants were enrolled (550 per city).
Ethical considerations
The study protocol employed was in accordance 
with the Declaration of Helsinki and was reviewed and 
approved by the Institutional Review Boards of the 
University of Chile, Federal University of Rio Grande 
do Sul, and University of Maimonides. Before being 
interviewed and undergoing a clinical examination, 
each participant was informed about aims of the study 
and signed an informed consent form.
Interview
A structured interview questionnaire was prepared 
and tested for understanding in each of the three 
study sites, and then adapted as necessary for each 
sites. The questionnaire was comprised of open and 
closed questions about socio-demographic variables, 
oral hygiene habits, general health, attitudes and 
knowledge related to oral health, access to dental 
services, and behavioral factors. Demographic 
information collected included age, sex, civil status, 
educational level (did not complete high school, 
completed high school, some college, university degree, 
or postgraduate degree). General health information 
included self-reported diseases, including diabetes. 
For the behavioral factor of current smoking status, 
participants were asked if they smoked, and if so if 
they smoked < 5, 5–10, or > 10 cigarettes per day. Life 
2 Braz. Oral Res. 2019;33:e090
Rösing CK, Gomes SC, Carvajal, Gómez M, Costa R, Toledo A, et al.
exposure to smoking was calculated in pack-years 
and classified as described below.19
Clinical examination
Prior to the initiation of the study, the principal 
investigators, reference examiner (CKR), and 
study examiners (RC, AT and FS) completed an 
extensive review of the study protocol to standardize 
the application of diagnostic criteria. Duplicate 
examinations were performed by each examiner 
in at least 10 patients, similar to those under study, 
prior to this study. Intra- and inter-examiner kappa 
coefficients for GBl, VPl, and Calculus index were > 0.7 
for all examiners.
The GI employed was Löe and Silness GI with the 
Löe modification.17 Mean GI values were calculated 
to evaluate the gingival health of each participant. 
Absence (0) or presence (1) of VPl was scored for 
six sites per tooth.18 Absence (0) or presence (1) of 
calculus was scored in lower anterior teeth on three 
lingual surfaces: disto-lingual, mid-lingual, and 
mesio-lingual.
Data analysis
Analyses of the data were performed with 
Stata/IC 13.1 for Mac. Categorical variables are 
expressed in absolute frequency and percentage. 
Continuous variables are presented as means with 
standard deviations (SDs) or frequency distribution 
of sub-categories.
Based on smoking exposure (calculated 
pack-years), the study participants were categorized 
as non-smokers, light smokers (<90 pack-years), 
moderate smokers (90–182 pack-years), or heavy 
smokers (>182 pack-years). Gingival inflammation 
severity was categorized as follows: light, mean 
GI = 0.5–1.0; moderate, mean GI = 1.1–2.0; and severe, 
mean GI >2.0). Mean GI values were calculated for all 
sites and for interproximal sites. VPl was dichotomized 
into plaque observed at <30% or ≥30% of examined 
sites. The Calculus Index was calculated as the % of 
observed sites with calculus. The GBl index18 reflects 
the % of observed sites with scores of 2 or 3.
The continuous variables did not have normal 
distribution, according to the Shapiro-Wilk test, and 
were therefore analyzed with Kruskal-Wallis tests. 
Nominal variables were analyzed with chi-squared 
tests when there was a sufficient sample size or 
relatively even distribution; otherwise, Fisher’s exact 
tests were used.
A multi-variable logistic regression model was 
built to assess the contribution of each variable (age, 
gender, diabetes, smoking, plaque, calculus, oral 
hygiene habit, and educational level) on the primary 
outcome (i.e. the occurrence of severe periodonal 
inflammation). Variables with univariable analyses 
associations with a significance level of p ≤ 0.25 were 
included in the model if they altered the coefficient 
by at least 10%. Odds ratios (ORs) were calculated 
with 95% confidence intervals (CIs).
VPl values were correlated with GI values with 
Spearman’s correlational analyses; coefficients 
were obtained for non-smokers and each smoker 
category, because the data were not non-normally 
distributed according to the Shapiro Wilk test,. 
Statistical significance was defined as p < 0.05.
Results
The socio-demographic and clinical characteristics 
of the sample (n = 1650) are summarized in Table 1. 
The majority of participants were female (52.6%) and 
the largest age-band group was the ≥50 years group 
(33%). The majority of patients had completed high 
school, without a university degree; and the vast 
majority of patients were not diabetic.
Clinical outcomes in relation to smoking exposure 
groups are reported in Table 2. Regarding smoking 
exposure, 28.8% were smokers of any intensity and 
13.5% were heavy smokers. Mean GI values for all 
tooth surfaces were similar to the values obtained 
for proximal sites only. Light smokers and moderate 
smokers had significantly higher GI values than non-
smokers. Meanwhile, the GI value obtained for the 
heavy smoker group was statistically similar to that of 
the non-smoker group. Among the smoking groups, 
only the light smokers were significantly more likely 
than non-smokers to have a GBl elevated to ≥ 50%, 
whereas the heavy smokers were significantly less 
likely to do so. Each of the three smoking groups had 
significantly higher mean VPI values than that of the 
non-smoker group. Calculus was found significantly 
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more often at ≥ 30% of observed sites in moderate 
and heavy smokers than in both non-smokers and 
light smokers.
The multivariate logistic regression model (Table 3) 
points to age ≥ 50 years as a possible risk indicator for 
gingival inflammation (severe gingival inflammation, 
GI > 2), with participants in this age band being 
almost twice as likely to present with severe gingival 
inflammation as 18–19 year-old patients. Notably, 
participants with ≥30% of surfaces displaying visible 
plaque were dramatically more likely to have severe 
gingival inflammation than those with lesser VPIs. 
Study participants who had completed a higher 
education degree were less likely to have severe 
gingival inflammation. With respect to smoking 
status, light smokers were found to be at increased 
risk of gingival inflammation, whereas heavy smokers 
were at decreased like of having clinically detectable 
gingival inflammation. It should also be noted that 
(diabetes) was found to be a risk indicator of severe 
gingival inflammation.
Correlations between VPI and GI values, by 
smoking status group, are shown in Figure. For 
non-smokers, we obtained a correlation coefficient 
of 0.74 (p < 0.001) whereas for smokers as a whole, we 
obtained 0.65 (p < 0.001). Correlation analyses of each 
smoker status group yielded correlation coefficients 
of 0.55 (p < 0.001), 0.63 (p < 0.001), and 0.75 (p < 0.001) 
for light, moderate and heavy smokers, respectively.
Discussion
The present study conducted on a multi-stage 
probability sample of adults from Santiago, Tucumán, 
and Porto Alegre achieved representativeness, as 
demonstrated by age and gender distributions. 
Representative studies are important for descriptive 
purposes and to enhance the quality of analytical 
approaches.21 With respect to our study aim of examining 
the impact of smoking on detection of gingival disease, 
we observed that a high prevalence (> 90%) of gingival 
inflammation (GI > 0.5) in these three cities.20 Our 
multivariate model findings are in line with previous 
studies showing that older age, lower levels of education, 
higher levels of plaque, and diabetes are associated with 
greater gingival inflammation.
Table 1. Sociodemographic and clinical characteristics of the study sample.
Variable
Non-smoker Light smoker Moderate smoker Heavy smoker Total
n = 1180 n = 171 n = 76 n = 223 n = 1650
n % N % n % n % n %
Gender
Males 542 69.2 72 9.2 35 4.5 134 17.1 783 47.4
Females 638 73.6 99 11.4 41 4.7 89 10.3 867 52.6
Age, years
18–19 53 67.1 14 17.7 7 8.9 5 6.3 79 4.79
20–29 260 68.8 58 15.3 23 6.1 37 9.8 378 22.9
30–39 251 72.1 34 9.8 12 3.5 51 14.7 348 21.1
40–49 219 73.0 19 6.3 8 2.7 54 18.0 300 18.2
50+ 397 72.8 46 8.4 26 4.8 76 13.9 545 33.0
Educational level
None 14 66.7 1 4.0 0 0 6 28.6 21 1.3
Up to high school 753 69.9 112 10.4 52 4.8 161 14.9 1078 65.3
Some college 257 74.5 45 13.0 18 5.2 25 7.3 345 20.9
University/postgraduate degree 156 75.7 13 6.3 6 2.9 31 15.1 206 12.5
Diabetes
Yes 82 67.2 9 7.4 9 7.4 22 18.0 122 7.4
No 1098 71.9 162 10.6 67 4.4 201 13.2 1528 92.6
Total 1180 71.2 171 10.4 76 4.6 223 13.5 1650 100
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In periodontal epidemiology, the definition of 
disease, as well as the use of complete versus partial 
recordings can impact estimates substantially.22 Here, 
we measured clinical outcomes (GI, GBI, and VPI) at 
six surface sites per tooth to avoid underestimating 
the prevalence of gingival inflammation. While 
our definition of gingival inflammation (GI > 0.5) 
may be considered a relatively low threshold, it has 
been widely used.20,23,24 In addition, we used the 
Ainamo and Bay18 dichotomization of the GI, the 
GBI, to facilitate a better clinical interpretation of 
the findings in that the GBI considers the presence 
of gingival bleeding as a clinical indication of 
inflammation. The rationale behind using these 
two measures of clinical gingival inflammation is 
that in epidemiological and clinical settings, these 
are available tools. It is not tenable to evaluate 
subclinical inflammatory status on a day-to-day 
basis. Baab et al.25 demonstrated alterations in 
gingival blood flow in smokers consistent with 
subclinical inflammation. They hypothesized, based 
on their own and others’ results with laboratory 
approaches (e.g. histology) that, with an underlying 
inflammatory cell infiltrate, gingival inflammation 
can be present despite a clinically decreased GBI. 
This latent inflammatory status may explain 
the high level of periodontal destruction seen 
in smokers. A recent joint publication from the 
European Federation and the American Academy 
of Periodontology26,27 characterized smoking as a 
grade modifier of periodontitis classification with 
profound effects in gingival tissues. It was supposed 
that vasoconstriction caused by smoking, together 
with fibrosis, could be responsible for the masking 
Table 2. Distribution of clinical variables according to smoking exposure group.
Variable
Non–smoker Light smoker Moderate smoker Heavy smoker Total
N % cat % tot N % cat % tot N % cat % tot N % cat % tot N % cat % tot
GI
GI < 0.5 60 82.2 5.1 3 4.1 1.8 2 2.7 2.6 8 11 3.6 73 100 4.4
GI 0.5–1 319 73.3 27.0 26 6.0 15.2 13 3.0 17.1 77 17.7 34.5 435 100 26.4
GI 1.1–2 769 70.4 65.2 135 12.4 78.9 58 5.3 76.3 130 11.9 58.3 1092 100 66.2
GI < 2 32 64.0 2.7 7 14.0 4.1 3 6.0 3.9 8 16.0 3.6 50 100 3.1
Mean GI (±SD) 1.26 ± 0.47d 1.45 ±.043ad 1.38 ± 0.46ad 1.23 ± 0.46bcd 1.29 ± 0.47
Mean GI, prox (±SD) 1.28 ± 0.47 1.46 ± 0.44 1.4 ± 0.44 1.26 ± 0.46 1.30 ± 0.47
GBI
GBI = 0 35 71.4 3.0 5 10.2 2.9 2 4.1 2.6 7 14.3 3.2 49 100 3.0
GBI > 0 and < 10% 223 71.9 18.9 18 5.8 10.5 11 3.6 14.5 58 18.7 26.0 310 100 18.8
GBI 10.1–49.9% 537 73.2 45.5 65 8.9 38.0 31 4.2 40.8 101 13.8 45.3 734 100 44.5
GBI ≥50% 385 69.1 32.6 83 14.9 48.5 32 5.8 42.1 57 10.2 25.6 557 100 33.8
Mean GBI (±SD) 37.9 ± 31.4 49.4 ± 33.7a 45.2 ± 34.8 33.9 ± 32.1b 38.9 ± 32.2
VPl
<30% 52 89.7 4.4 3 5.2 1.8 0 0 0 3 5.2 1.4 58 100 3.5
≥30% 1128 70.9 95.6 168 10.6 98.2 76 4.8 100 223 13.5 98.6 1592 100 96.5
Mean ± SE (95%CI)
0.71 ± 0.006 
(0.7–0.72)
0.8 ± 0.14 
(0.77–0.82)a
0.8 ± 0.14 
(0.77–0.84)a
0.77 ± 0.13 
(0.75–0.80)a
0.73 ± 0.21 
(0.72–0.74)
Mean prox ± SE (95%CI)
0.77 ± 0.22 
(0.76–0.78)
0.85 ± 0.18 
(0.82–0.88)a
0.86 ± 0.14 
(0.83–0.90)a
0.83 ± 0.19 
(0.80–0.85)a
0.79 ± 0.21 
(0.78–0.80)
Calculus
<30% sites 139 83.2 11.8 14 8.4 8.2 3 1.8 3.9 11 6.6 4.9 167 100 10.1
≥30% sites 1040 70.2 88.2 157 10.6 91.8 73 4.9 96.1 212 14.3 95.1 1482 100 89.9
Mean ± SE (95%CI)
0.77 ± 0.01 
(0.75–0.79)
0.79 ± 0.22 
(0.74–0.83)
0.89 ± 0.24 
(0.84–0.94)ab
0.88 ± 0.15 
(0.85–0.91)ab
0.79 ± 0.29 
(0.78–0.81)
ap < 0.05 vs. non-smokers; bp < 0.05 vs. light smokers; cp < 0.05 vs. moderate smokers; dp < 0.05 chi-squared, proportion between smoking 
categorical variables. Group Ns as in Table 1. Abbreviations: % cat, percentage in category; % tot, percentage of total study population; prox, at 
proximal sites.
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of clinical signs of inflammation (e.g. bleeding 
on probing), despite underlying inflammatory 
infiltrate in smokers.
This study further sought to associate gingival 
inflammation with possible risk indicators to help 
guide the development of preventive and therapeutic 
strategies. The examiners were calibrated to allow 
international comparisons and increase the internal 
validity of the study. Epidemiological studies of 
periodontal diseases and conditions are scarce in 
Latin America. Prior studies have either not assessed 
gingival inflammation or not emphasized it as a main 
outcome.2,3 Studies that have examined gingival 
inflammation have focused mainly on children.1 
The present work was unusual for its combining of 
a representative sample of three South American 
cities, with the exact same protocol for assessing 
gingival inflammation in adults. The impact of 
smoking on estimates of gingival inflammation has 
not been studied in depth previously, especially in 
population-based surveys.
The descriptive data of the present sample point 
to a high prevalence of gingival inflammation in 
adults from South America.19 Findings from the 
present study underscore several important points 
related to the impact of smoking of oral health. 
Firstly, it should be emphasized that smokers tend 
to have poor oral hygiene, as demonstrated by the 
higher portion of individuals with a VPI ≥ 30%, as 
well as a higher portion with a high calculus index. 
Although the presence of plaque and calculus are 
not indicative of disease per se, plaque levels do 
reflect oral hygiene at the time of examination and 
calculus formation reflects the cumulative presence 
of biofilm. We focused our calculus evaluation on the 
lower-arch anterior teeth because they tend to have 
the highest occurrence of dental calculus. Inasmuch 
as gingival inflammation is related to oral hygiene 
practices, calculus presence was included as an 
additional behavioral variable. Thus, our findings 
of signs of poorer oral hygiene in smokers compared 
to non-smokers, as reflected by plaque and calculus, 
were consistent with prior findings of suboptimal 
health-related behaviors in smokers.28,29,30
In the present study, older age, less education, a 
high VPI, and diabetes were associated with higher 
clinically detectable gingival inflammation. When the 
model was adjusted for smoking status, VPI was the 
only variable that remained associated. Explaining 
these findings is challenging. Aging has been studied 
in depth in periodontal epidemiology and has been 
demonstrated to be associated with poorer oral 
hygiene habits, which could account for age-related 
effects.31 Meanwhile, epidemiological studies have 
demonstrated greater gingival inflammation in 
diabetic individuals.32
An impact of education on periodontal health 
has also been well demonstrated in periodontal 
epidemiology studies.10,33,34 In the present study, better 
gingival conditions, and less smoking behavior, tended 
to coincide with more education. Individuals with a 
university degree had an almost 80% protective effect 
against gingival inflammation. Higher education has 
also been shown to be beneficial in smoking-cessation 
programs.35 Therefore, education should be analyzed 
Table 3. Multivariate logistic regression model of risk 
indicators of severe gingival inflammation (GI > 2) in adults.
Variable OR 95% CI
Age, years






<30% 1  
≥30% 28.1ψ 10.01–78.94
Educational level
Did not complete high school 1  
Completed high school 0.44 0.13–1.55
Some college 0.51 0.14–1.81
University/postgraduate degree 0.19* 0.05–0.71
Smoker status
Non-smoker 1  
Light smoker 2.27ψ 1.46–3.53
Moderate smoker 1.62 0.90–2.94
Heavy smoker 0.67* 0.49–0.92
Diabetic
No 1  
Yes 2.79ψ 1.58–4.92
ϕp < 0.001; *p < 0.05.
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as an important variable in the relationship between 
smoking and gingival inflammation.
Our finding of a positive association of VPI with 
gingival inflammation fits with prior studies that 
associated plaque with gingival inflammation.36 In 
this respect, it is important to note that we found in 
the present study that when the model was controlled 
for smoking status, VPI was the only variable that 
remained associated with gingivial inflammation. 
This persistence is probably due to the strength of the 
influence of smoking on gingival inflammatory status.
Anecdotally, smoking has been said to affect 
gingival bleeding. However, that supposition was not 
confirmed by Muller and colleagues’ studies in young 
subjects.14,15,16 In light of the present findings, it appears 
that conventional gingival examination is not suitable 
for detecting gingival inflammation in smokers. Even 
if it could be described in individual case reports, data 
a. Non-smokers. b. All smokers. c. Light smokers. d. Moderate smokers. e. Heavy smokers.
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from large studies with representative samples are 
needed. The findings of the present study demonstrate 
an interesting relationship pattern, wherein mean GI 
fluctuated in a u-shaped curve, with non-smokers 
and heavy smokers presenting lower GI values than 
light and moderate smokers. Hence, heavy smoking 
may decrease keratinization and/or decrease gingival 
blood flow37, thereby affecting clinically detectable 
gingival inflammation, providing support to the 
notion that heavy smoking masks clinical estimates 
of gingival inflammation.
Our findings of a correlation between VPI and GI 
demonstrate that the correlation between plaque and 
gingival inflammation is highly robust regardless of 
smoking status, confirming decades old observations. 
Although smoking cannot change a pure etiological 
(causal) relationship, this correlation is weaker 
in smokers than in non-smokers. Although our 
analysis of smoking exposure groups does not allow 
for the establishment of a clear-cut relationship, 
this information sheds light on the importance of 
diagnosing gingival inflammation in smokers, while 
diminishing the preconception that smokers do not 
present gingival bleeding.
Smoking is a very important issue in oral 
epidemiology. In addition to being strongly associated 
with oral cancer38,39, periodontal destruction is strongly 
affected by smoking.37 The present study showed 
clearly that smoking can impact gingival disease 
estimates. Although light smoking was associated 
with increased gingival inflammation, heavy smoking 
seemed to mask signs of gingival inflammation. This 
effect should be considered in clinical settings as 
well as in epidemiological research, to control for a 
possible masking effect of smoking on periodontal 
conditions. The present study suggests that if smoking 
affects gingival bleeding in a clinically relevant way, 
the effect is apparent in heavy smokers in particular.
The coexistence of multiple risk indicators for 
gingival inflammation highlights the need for a 
common risk approach, which would be beneficial 
for the detection and management of several 
diseases and conditions, especially in the context 
of encouraging smoking cessation. Education 
also has the potential of leading to improved oral 
health. Hence, dentists are part of a health team 
with an important role in encouraging patients to 
stop smoking.
The present study has strengths and limitations 
that should be highlighted. Among the strengths 
were the combination of methods, the representative 
South American patient population, and the study of 
gingival inflammation in adults. Limitations included 
the cross-sectional study design, the use of some self-
reported variables, and non-inclusion of destructive 
periodontal diseasea as a variable. This work is also 
important for its contribution to increasing awareness 
of the gingival inflammation burden worldwide and 
in Latin America, which is in need of oral health 
promotion. Reducing gingival inflammation has the 
potential to improve quality of life.
Conclusion
Gingival inflammation occurrence differs between 
smokers and non-smokers, and heavy smoking appears 
to mask the clinical signs of gingival inflammation. 
Risk indicators for gingival inflammation include a 
low level of education, diabetes, and the presence of 
visible plaque. There is a highly robust correlation 
between plaque and gingival indices regardless of 
smoking status.
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